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A study of the effects of actlnomycln D (an inhibitor of
DNA-prlmed RNA synthesis) on Rana plplens development beginning
at the feeding stage (stage 25) was undertaken. Controls wore
cultured in a 10;^ Holtfreter's saline solution and experimentals
in a Holtfreter-actlnomycin D (lOAg/ml) solution for 10, 20, and
36 hr.
Histological analysis disclosed abnormal differentiation of
the tail notochord, brain, and spinal cord in the 20 and 36 hr
treated larvae. The 10 hr treated larvae showed no distinct
cellular changes from their corresponding controls. The brain,
spinal cord, and notochord of the controls differentiated
normally.
It is apparent from this investigation that actlnomycln D
exerts roorphostatic effects upon Rana plplens larvae at the
feeding stage. Similar to previous work using earlier stages,
the antibiotic strongly affected neural tissue differentiation.
iii
'^CKNOV.'LEDOTilKENT
I wish to express my gratitude to Dr, Roy Hunter, Jr.
for his excellent guidance during the preparation of this
thesis. I would also like to express appreciation to my
parents, Mr. and Mrs. E, L. Atkinson, and my fiancee, Mias
Margaret Anita Price, for their continuous encouragement





LIST OP PIGURES vl
CHAPTER
I, INTRODUCTION 1
II. REVIEW OP LITERATURE 3III,MATERIALS AND METHODS . 8
IV. EXPERIMENTAL RESULTS 10
V. DISCUSSION AND CONCLUSIONS ....... 32
VI. SUMMARY 35




1. Transverse section thru the tail of
untreated larva showing notochord cells,
notochord sheath, spinal cord, and axial
muscles*11
2, Transverse section thru the tail of
10 hr treated larva showing normal noto¬
chord cells, notochord sheath, and
spinal cord 12
3* Transverse section thru the tail of
10 hr control showing normal notochord,
spinal cord, and notochord sheath 13
I4, Transverse section thru the tail of
20 hr treated larva showing a partially
collapsed notochord. Ih
Transverse section thru the tail of
20 hr treated larva showing a poorly
differentiated spinal cord. 16
6, Transverse section thru the tall of
20 hr treated larva showing notochord
cells replaced by loose mesenchymal cells....... 1?
7. Transverse section thru the tail of
20 hr treated larva showing necrotic
spinal cord cells I8
8, Transverse section thru the tail of
20 hr control showing well developed
notochord cells, and notochord sheath 19
9. Transverse section thru the tail of
20 hr control showing a well developed
spinal cord 20
10. Transverse section thru the brain of
20 hr treated larva showing lysis of
brain cells 21
11. Titansverse section thru the tinink of
20 hr treated larva showing lysis of
spinal cord cells, and normal notochord 22
12. Transverse section thru the head of 20 hr
control showing a well developed brain 23
vi
13. Transverse section thru the trunk of
20 hr control showing a highly differentiated
spinal cord, and notochord. 2I4.
II4., Transverse section thru the tail of
36 hr treated larva showing a necrotic
spinal cord.... 25
15. Transverse section thru the tail of
36 hr treated larva showing a collapsed
notoc ord.26
16. Transverse section thru the tail of
36 hr control showing normal spinal cord........ 2?
17. Transverse section thru the brain of
36 hr treated larva showing lysis of
brain cells. 29
18. Transverse section thru the tall of
36 hr control showing normal spinal
cord, and notochord.......... 3^
19. Transverse section thru the head of




The role of nucleic acids In morphogenesis has been
under extensive investigation by developmental biologists. It
is believed that messenger RNA moves into the cytoplasm where
it can activate preexisting ribosomes. This "activation" of
the ribosomes would lead to the transformation of the ribosomes
into "polysomes," which are active in protein synthesis.
In recent years, some investigators have considered
whether the nuclear RNA, which acts as a code for the synthesis
of various tissue-specific proteins, is produced before or at
the time of gastrulation or at the time of the synthesis of the
tissue-specific proteins (that is, at the time of differentia¬
tion). Fortunately, the antibiotic, actinomycin D, was found
to Inhibit the synthesis of messenger RNA. Actinomycin D is
thus a specific inhibitor of the enzyme, DNA-primed-RNA poly¬
merase, which is directly involved in the transcription of the
genetic message. As a result of experimentations, actinomycin
D was found to cause abnormalities during early development in
various organisms. According to several investigators, actino¬
mycin D produced distinctive teratogenic effects in amphibian
embryos which were exposed to the antibiotic up to the feeding
stage. V/ith this in mind, an investigation was undertaken to
determine the effects of the antibiotic on Rana plpiens larvae
at a less critical stage, stage 2$, the feeding stage. The
data to be presented will show that even at the feeding stage.
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th6 antibiotic may show an inhibitory affect.
CHAPTER II
REVIEW 0? LITERATURE
During recent years, the effect of various teratogens
on morphogenesis has received widespread attention. This
attention was directed basically to a definition of the
conditions under which effects were demonstrated and to a
description of the developmental sequences Involved, The role
of protein synthesis in developmental processes is widely
recognized by embryologists, and this has prompted the use of
teratogens as a means of experimentally interfering with the
protein synthesis cycle and obaeirving the effect upon developing
embryos. For example, ethionine, an amino acid analogue,
inhibited the differentiation of certain Rana pipiens embryonic
cells (Fllckinger, 1961), Examination of histological sections
revealed severe damage to the nervous and muscular tissues in
these larvae, as well as to other tissues. However, such
tissues as liver, nephric tubules, retinas, lenses and the
contracting heart did differentiate relatively normally in
ethionine-treated embryos. Since these tissues developed later,
at a time when ethionine was not present, this implied that
these tissues were relatively free from the effect of ethionine
during the earlier pre-differentiation period. The data may be
Interpreted as favoring the idea that the sequential development
of differentiating tissues of the frog embryo is linked closely
in a temporal sense to the utilization of amino acids for the
assembly of the proteins of these tissues.
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Since protein synthesis depends on nucleic acid associa¬
tions, it was of interest to note that actinomycin D, an
antibiotic, strongly combines with DNA (Reich, Goldberg, and
Rabinowits, 1962; Shatkin, 1962) and, as a result, inhibits the
synthesis of messenger RNA, It should be pointed out that
actinomycin D inhibits the synthesis of all RNA*s which are
synthesized on a DNA template (Merita, 1963).
Pierro (1961), and Klein and Pierro (1963) described the
effects of actinomycin D on the development of the embryonic axis
in the chick. The level at which the defect was manifested was
related to the developmental stage of the embryo at the time of
treatment. In fact, specific thoracic anomalies were not
observed, although in the more seriously affected embryos,
portions of the trunk including the thoracic region may have
been missing. Severely defective rumpless embryos produced by
treatment with actinomycin D also showed hypoplasia of the leg
muscles and edema of the posterior trunk. However, in a more
recent study, Pierro and Coghell (1968) found unusual numbers
of degenerate cells In the nerve cord and axial mesoderm of
treated embryos.
An indirect approach to the role of protein synthesis in
morphogenesis can be followed by studying the effects of puromy-
cln, a specific inhibitor of protein synthesis, on development.
While actinomycin acta at the chromosomal level and inhibits the
"transcription” of the genetic message, puromycin inhibits its
"translation," The effects of actinomycin D and of puromycin
have been studied by Brachet, Denis, and DeVitry (196I4.) in two
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different biological ayatema: amphibian egga and the
unicellular alga, Acetabularla medlterranea. Actinomycin D,
even after microinjection, did not atop cleavage in amphibian
egga; it Interfered with gastrulation and, eapecially, nervoua
ayatem formation. Puromycin alao inhibited nervoua ayatem
differentiation in amphibian egga. Anucleate fragmenta of
Acetabularla, in contraat to nucleate onea, formed capa in the
preaence of actinomycin D, Later growth of these capa waa,
however, inhibited. Puromycin inhibited growth and morpho-
genesia in both nucleate and anucleate halves of Acetabularla.
Thia study supported the idea that the nuclei of amphibian
ogg3» which were reduplicating at full speed during cleavage,
were relatively unimportant during that first period of develop¬
ment. Considerable metabolic changes occurred at gastrulation,
probably as a result of "gene activation,” making this stage a
most crucial one in development.
Nevertheless, although the results agreed with the
expectations, they need some comment from the biochemical side.
It would bo incorrect to suppose that there waa no RNA and
protein synthesis whatsoever during cleavage: when H^-loucine
was mlcroinjocted into Just fertilized Pleurodelea egga, the
label waa seen in the nuclei at the two-cell stage. In
morulas. Incorporation was detected by autoradiography in both
nuclei and cytoplasm (Brachet, 1963). A comparable situation
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waa present in the case of RNA synthesis: short P pulse
experiments have clearly shown that a alight RNA synthesis
(or turnover) was detectable during cleavage; but the extent of
6
this synthesis increased by a factor of 5 at gastrulation and,
again, by a factor of $ at the titne of neural induction (Decroly,
Capo, and Brachet, 196U), Thus, protein and RNA syntheses were
present in cleaving eggs, but their magnitude increased
considerably at later stages, the time of gastrulation and
neznrous system formation.
Normal cleavage of amphibian eggs {Pleurodeles and
Xenopus) in actinomycin D (10y«g/ml) has been observed by Brachet
and Denis (1963)# hut the Xenopus embryos exogastrulated while
development of Pleurodeles ceased at the nouinjla stage. Although
the Pleurodeles embryos survived for several days, the nervous
system was practically absent, and the notochord poorly differ¬
entiated. Exposure of developing sea urchin eggs to high
concentrations of actinomycin D (20-100></g/ral), prevented
differentiation; however, cell division continued (Reich,
Goldberg, and Rabinowitz, 1962), The fact that cell division
in amphibian and sea urchin eggs was unaffected by actinomycin
D, led Brachet and Denis (1963) to suggest that significant
production of nuclear RNA synthesis did not begin before
gastrulation.
Although some mRNA may be produced before gastmjlation
(Nemer and Bard, 1963)# or beginning at that time (Brachet and
Denis, 1963)# the question remains unanswered whether the nuclear
RNA was produced before or at the time of differentiation.
Flickinger (I963) approached this question experimentally
by exposing different stages of developing Rana pipiens embryos
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to actinomycin D, If the synthesis of all the various tissue-
specific nuclear RNA occurred at gastrulation, one would expect
actinomycin D at this time to interfere with the subsequent
differentiation of all of the embryonic organs and tissues*
However, if the synthesis of tissue-specific nuclear RM began
shortly before the time of differentiation of the tissue in
question, then one would anticipate that exposure to actinomycin
D would Interfere with the differentiation of the tissue that
normally developed at that time, but not with tissues and organs
that developed later, Pllckinger»s results supported the second
possibility—that the synthesis of any particular tissue-
specific nuclear RNA occurred shortly before the time of
differentiation of that tissue. He exposed laiM/^ae to actino¬
mycin D (7,5>«g/®l) foi* 2 days and then cultured in saline*
Histological examination of larvae showed that the brain and
the spinal cord in the trunk region, but not the tail, were
often absent and axial muscles woi*e poorly differentiated; but
the notochord, sense organa, liver, pronephros, stomach, blood
cells, and heart had differentiated normally*
To date, all experimentations on the effects of actino¬
mycin D have been performed on developing eggs or embryos* To
contribute to previous findlnrs, Rana piplens larvae at the
feeding stage were exposed to actinomycin D in order to determine
what effects, if any, it had on morphology and/or differentiation
of the brain, notochord, and spinal cord*
CHAPTER III
MATERIALS AND METHODS
Gravid female and mature male Rana plplens were pur¬
chased from the Carolina Biological Supply House in Burlington,
North Carolina. They were kept at I4. C in an aquarium until
ready for experimental use. Ovulation was induced at room tem¬
perature by injection of a pituitary suspension, according to
the method of Rugh (1965). Eggs were stripped and fertilized
in sperm suspensions.
A 1:10 dilution of Hoitfreter'3 physiological saline
solution was used as the basic culture medium (Hamburger, 1966).
The eggs were allowed to develop in finger bowls at 21 C, and
the medium was changed at least three times each week. Embryos
were staged according to the numerical system devised by Shumway
(19l|0) for Rana pipiens.
At stage 25» 3 groups of experimentals and 3 groups of
controls consisting of 50 and Ij-O larvae, respectively, were
established. The experimentals were exposed to actinomycin D-
Holtfreter solution. Five milligrams of actinomycin D was
dissolved in 500 ml of a 10^ Holtfreter's solution (that is,
10>(«g/ml solution). The controls wore exposed to 1:10 dilu¬
tions of Holtfreter's physiological saline solution. The first
experimental group was exposed to actinomycin D (10^/ml) for
10 hr, the second, 20 hr, and the third, 36 hr. After the
appropriate exposure time, the experimentals were placed in a
10/^ Holtfreter's saline solution and their corresponding
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controls were placed In fresh 10^ Holtfroter's solution. One-
third of both the experimentals and controls was removed at 3»
5, and 7 day intervals and fixed in cold acetone.
After 72 hr of fixation, the acetone-fixed larvae were
washed in running water, dehydrated in methyl alcohol, cleared
in xylene, infiltrated in soft and hard paraffin, and embedded.
Serial transverse sections of the larvae (5 thick)
were made. The staining was done in the following: Harris
hematoxylin and eosin, or Mallory's triple stain for connec¬
tive tissue, or Malloi^r-Heidenhain'a stain for connective
tissue (Cason, 19^0), or mercuric bromphenol blue for the
detection of proteins (Mazia, Brewer, and Alfert, 1953)*
Photomicrographs were made of selected sections.
CHAPTER IV
EXPERIMENTAL RESULTS
Mlci*oscoplc examination of the tail of an untreated
Ratia pipiena larva (Pig. 1) revealed large vacuolated notochordal
cells enclosed by a peripheral sheath, a highly differentiated
spinal cord, and well organized axial muscles. Larvae cultured
in actlnomycin D (10x<g/nil) for 20 and 36 hr revealed distinct
cellular changes in the head, tinank, and tail regions. These
changes were exhibited by poorly differentiated brain, spinal
cord, and tall notochord.
The controls and experimentals stained differentially
with Harris hematoxylin and eosln, Mallory*a triple stain, and
Mallory-Heidenhain*a stain. The different staining techniques
were employed for contrasting purposes.
Histological examination of larvae exposed to actino-
mycin D for 10 hr and then cultured in Hoitfreter*8 solution
for 3, 5* and 7 day intervals (Fig, 2) showed no distinct
deviation in morphology from their corresponding controls
(Pig, 3), Careful observation of these larvae disclosed no
signs of cellular degeneration nor poorly differentiated noto¬
chords or spinal cords. All notochords possessed the normal
inner vacuolated cells surrounded by a sheath.
Larvae exposed to actlnomycin D for 20 hr showed
distinct cellular changes. The tail region of larvae fixed 3,
5, and 7 days after exposure time exhibited a partially
collapsed notochord (Fig, 4) and a poorly differentiated spinal
10
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T^ig. 1. Transverse section thru the tail of untreated
larva sh owing notochord cells (nc), notochord
sheath (ns), spinal cord (sc), and axial
muscles (am). Mercuric bromphenol blue. lOX,
12
Fig, 2. Transverse section thru the tail of 10 hr
treated larva showing normal notochord cells
(nc), notoctord sheath (ns), and spinal cord
(sc), Mallory-Keidenhain, lOX,
13
Pig. 3. Transverse section thru the tail of 10 hr
control showing normal notochorc^ (nc),
spinal cord (sc), and notochord sheath
(ns). Mallory's Triple '^tain. lOX,
ih
Pig. U, Transverse section thnj the tail of 20 hr
treated larva showing a partially collapsed
notochori (cn). Hercuric bro^iphenol blue,
UOX.
15
cord (Fig, $), The vacuolated notochordal cells of the treated
larvae were replaced by loose mesenchymal cells (Fig, 6),
Furthermore, the spinal cord of treated lax*vae possessed
necrotic cells (Fig, 7) which failed to differentiate into the
normal hollow tube-like structure. On the contrary, however,
the controls exhibited a highly differentiated notochord with
distinct vacuolated cells and peripheral sheath (Fig, 8), and
a well developed spinal cord assuming its typical hollow tube-
like morphology (Fig, 9),
Abnormalities were also encountered in the head and
trunk regions of treated larvae. The antibiotic caused lysis
of the brain cells (Fig, 10), The spinal cord was poorly
formed; however, the notochord developed normally (Fig, 11),
In contrast to that of the experimentals, the 20 hr controls
manifested a typical morphology, in that there appeared in
the head region a highly differentiated brain (Fig, 12), and
a wall developed spinal cord and notochord in the trunk
region (Fig, 13),
Examination of larvae that had been cultured in
actlnomycin D for 3^ hr and then subsequently raised in
Hoitfreter*a solution for 3, 5» and 7 days, revealed a solid
mass of cells in the region of the spinal cord in the tall
(Pig. ll^.) and a collapsed notochord (Pig, 15) • Similar to the
20 hr treated larvae, the spinal cord failed to form its
normal morphology; however, the spinal cord of the controls
was highly differentiated (Fig, 16), Lysis of spinal cord and
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Fig, 5« Transverse section thru the tail of 20 hr
treatei larva showing a poorly differentiated
spinal cord (sc). Mercuric bromnhenol blue,
I4OX.
17
Plf^. 6, Tr^inaverse section thru the tall of 20 hr
treated larva s^owinlI? notochord cells replaced
by loose mesenchymal cells (me), Mercuric
bromphenol blue, 97X.
18
Ficr, ?• Transverse section thru the tail of 20 hr
treated larva showing necrotic spinal cord
cells (nc). Mercuric bromphenol blue. 97^
19
Fig, 8, Transverse section thru the tail of 20 hr
control showing well developed notochord
cells (nc), and notochord sheath (ns).
Mallory-Heidenhain. U-OX,
20
Fig, 9. Transverse section thru the tail of 20 hr
control showing a well developed spinal cord
(sc). Mercuric brorophenol blue. 40X.
21
Fig, 10, Tr^insversa section t>iru the brain of 20 hr
treated larva showing lysis of brain cells
(Ic), rallory-Heidenhain, UOX,
22
Flfr, 11. Transverse section thru the trunk of 20 hr
treated larva showing lysis of spinal cord
cells (Ic), and normal notochord (nc).
(IJote: The vacuolated notochord cells were
not discernible photographicallyj however,
the cells could bo observed microscopically
by manipulating the fine adjustment of the
light microscope). Kallory’a Triple Stain.
lOX
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Fist, 12, Transverse section thru the head of 20 hr
control showing a well developed brain (b)
Kallory-Heidenhain. lOX,
2U-
Picr, 13, Transverse section thru the trunk of 20 hr
control showing a highly differentiated spinal
cord (sc), and notochord (nc), Mallory-
Feidenhain, lOX,
25
Fip;, ll|-. Transverse section thru the tail of 36 hr
treated larva showing a necrotic spinal
cord (sc), I'allory-Heidenhain. I-|.0X,
26
■pis’, 15* TransversQ section thru the tail of 3^ hr
tree tel larva showin<^ a collapsed notochord
(cn), T^allory-Feidenhain. UOX,
27
Fi.e, l6. Tr^nsvarsa section thru the tail of 36 hr
control showing normal spinal cord (sc),
rallory-Haidenhain. bOX.
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brain cells (Pig. 17) was also detected in the head and trunk
regions. However, control larvae in Holtfreter*a saline
solution at 36 hr showed no signs of morphological anomalies
in either the tail region (Fig. I8) or the head region
(Fig. 19).
For the detection of proteins, mercuric bromphenol
blue method was employed. This method, based on stain inten¬
sity, was used to determine if actinomycin D had a significant
effect on protein synthesis. In comparing the axial muscular
regions of an experimental (Fig, 5) to a control (Pig. 9)*
histologically, it seemingly did not.
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Fifr. 17, Transverse section thru the brain of 3^
treated larva showing lysis of brain cells
(Ic), Mallory-Heidenhain. lOX.
30
Fip:, l8, Trangverge section thru the tail of 36 hr
control ghowinpr normal spinal cord (sc), and
notochord (nc), Mallory's Triple Stain,
lOX
31
Fig. 19» Transverse section thru the head of 36 hr




Rana plplena larvae at the feeding stage, when cultured
in the presence of actlnomycln D, exhibited varying degrees of
cellular changes. The brain, spinal cord, and tail notochord
possessed distinct cellular abnormalities. Exposure of the
larvae to the antibiotic for 10 hr had no apparent affect.
However, those cultured in actlnomycln D for 20 and 36 hr
usually revealed degeneration of brain and spinal cord cells
and collapsing of the tail notochord. On the contrary, trunk
notochords of treated larvae were unaffected. This could have
been attributed to permeability differences between the tall
and trunk regions to the antibiotic.
The results from this study and also previous investi¬
gations suggested that the brain and spinal cord were more
sensitive to actlnomycln D than any other tissue or organ.
Brachet, Denis, and DeVitry (1964), treated advanced Xenopus
gastrulae with actlnomycln D for 2 days. As a rule, embryos
were similar to those described by Fllckinger (1963)# who treated
Rana pipiens eggs with actlnomycln D and obtained a practically
undifferentiated nervous system in the trunk and tail regions.
After long treatments, the replacement of the notochord by
loose mesenchymal cells also occurred.
In view of this, the results of the present investiga¬
tion were in accordance with previous work on embryos. A
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collapsed tail notochord and the replacement of the vacuolated
notochord cells by loose mesenchymal cells were demonstrated,
and also the brain and the spinal cord were found to be
degenerative.
This and previous investigations seemed to attribute the
selective tissue damage solely to the greater sensitivity of
brain, spinal cord, and notochord. If differential sensitivity
to the antibiotic was the critical factor, then retinas would
have been expected to bo at least as sensitive to actinomycln D
as the brain and spinal cord, and this was not so, for histolog¬
ical examination of embryos exposed to actinomycln D and then
cultured in saline showed normally differentiated retinas
(Plicklnger, 1963), Although actinomycln D exerted severe
damaging effects upon late stage larvae, resulting in lysis of
brain, spinal cord, and tall notochordal cells and indicating a
differential sensitivity of various tissues to the antibiotic,
it seemed that temporal sensitivity of the various embryonic
tissues to actinomycln D was also a factor. Such tissues as
liver, nephrlc tubules, retinas, lenses and the heart differen¬
tiated relatively normally in actinomycln D-treated embryos
(Plicklnger, I963). Since these tissues developed later, at
a time when the antibiotic was absent, he implied that those
tissues were relatively free from the effect of actinomycln D
during the earlier pre-gastrula period. The data may be
interpreted as favoring the idea that the sequential develop¬
ment of differentiating tissues of the frog embryo is linked
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cloaely to the utilization of amino acids for the assembly of
the proteins of these tissues.
It is apparent from these observations that actlnomycln
D exerted less effect on the more ventral areas of the chordo-
mesoblast (red blood cells, pronephros) than on the more dorsal
ones (chorda, neural tissue). In other words, actlnomycln D
exerted its strongest morphostatlc effects upon the regions
where RNA synthesis is known to bo most active (Brachet, 1962).
In view of the present findings, teratogenic effects of
actlnomycln D on the brain, tail notochord, and spinal cord of
Rana pipiens larvae at the feeding stage wore demonstrated.
What restricted the detection of morphological consequences in
regions whose cells have taken up tiie actlnomycln D? Obviously,
numerous factors can bo involved in translating an effect at
one level of organization into an effect at the next level. A
complete answer to this question would have to include defini¬
tion of the biochemical action of the antibiotic, and assay for
that action in unresponsive cells and regions. Evidence has
accumulated that actlnomycln D exerts characteristic biochemical
effects in regions of the embryo Judged nonresponsive on the
basis of morphological criteria (Wolkowski and Plerro, 1967).
Their elucidation must be considered of paramount Importance




1, The effects of actinomycln D (an inhibitor of DNA-prlmed
RM synthesis) has been studied in one biological system,
larvae of Rana piplens.
2, Controls were exposed to a 1:10 dilution of Holtfreter's
physiological saline solution for 10, 20, and 36 hr,
3, Exporlmentals were cultured in Holtfreter-actlnomycln D
(10^/ml) solution for 10, 20, and 36 hr, and then placed
in fresh Holtfreter's.
I+, All controls demonstrated a normal histological differen¬
tiation of the brain, spinal cord, and notochord,
5, Histological analysis of the actinomycln D treated larvae
demonstrated inhibition of the normal differentiation of
the brain, spinal cord, and tail notochord of the 20 and
36 hr treated larvae. The 10 hr treated larvae showed no
signs of abnormal development,
6, It is apparent from these observations that actinomycln D
caused teratogenic effects on the brain, spinal cord, and
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